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SYSTEM OF ECONOMIC PLANNING EXAMINED 


Moscow EKONOMIKA I MATEMATICHESKIYE METODY in Russian No 5, Sep-Oct 79 
pp 902-912 


[Article by S. V. Kazantsev (Novosibirsk) "The Macroeconomic Model of the 
System of National Economic Indicators” ] 


[Text] In 1966 there was advanced one of the concepts! for the building of 
a system of economic-mathematical models based on the idea of the national 
economy as a complex hierarchal system. This approach enables us to employ 
various levels for analysis of, planning and programming of the economic de- 
velopment of the model: national economic levels, sectorial levels, re- 
gional levels, eric. Each level is characterized by its own set of the 
indicators to be used anid by the degree of disaggregation as determined by 
the nature of the task. 


Comprising one of the elements of the subsystem of models of the upper level 
are the macroeconomic models which employ integ:. ated indicators such as 
aggregate national product, national income, productive capital, number of 
workers employed in physical production, indicators of capital-output :atio 
and labor intensiveness of production, and volume of foreign trade balance. 
Despite the fact that macroeconomic models have been in use for a long time, 
the possibilities for their use in economic analysis and forecasting have by 
no means been exhausted. These models can find practical application in the 
initial stages of the construction of forecasts of the comparatively dis- 
tant future, when it is necessary to substantiate only the general principles 
and trends pertaining to the overall national economic indicators. In 
average time-period forecasting the macromodels can be used for the general 
elaboration of the concepts of national economy development without examin- 
ing the concept in its sectorial and territorial aspects. In Gosplan USSR 
macroeconomic models were used to solve problems which arose back in the 
period of preparation of the first five-year plan.?,3 





The ~perational calculations compiled in the Institute of Economics [TE] 
and the Organization of Industrial Production [OPP] of the SO [Siberian 
Department] of the AN [Academy of Sciences] USSR in the 1973-1977 period 
showed that in the variant calculations it is desirable to employ the 








foilowing method of establishing the relationship between the macrouodel 
and the disaggregate models: First, on the basis of the macroeconomic 
models, the researcher defines and evaluates the variants of possible 
economic growth and selects from them the ones which should in the future 
be analyzed with the help of the disaggregated models. Second, the macro- 
economic models can be used as auxiliary tools fur studying the process oi 
calculations based on the disaggregated models: they are used for rapid 
checking and quantitative evaluation of the assumptions and hypotheses con- 
cerning the growth variants which emerge in the course of the calculations 
based on the disaggregated models, for determining the behavior of the 
global aational economic indicators in the planning period, and for making 
the calculations which explain the mechanism for obtaining the various re- 
sults from the computations based on the disaggregated models. 


Fornalized Description of the Scheme of Material and Physical Relationships 
of Socialist Reproduction 


Because of the Limited scope of the indicators used, most of the macro- 
economic models do aot permit describing and analyzing many of the important 
national economic relationships such as, for example, the effect of the out- 
put-capital ratio, the production materials consumption, and the norms of 
production accumulation on the relationship between subdivisions I and II of 
national production; the effect of the distribution of the capital invest- 
mnats on the expansion and replenishment of fixed production capital; the 
effect of dividing the fixed production capital accumulation on the accumu- 
lation from national income and the accumulation from amortization; the 
division of amortization into the segment for replacement of retired capital 
and the segment earmarked for accumulation. To construct a model describing 
the whole system of relationships of the macroeconomic indicators it is 
necessary to enlarge the number of these indicators in comparison with the 
usual number considered. The proposed model includes all the indicators 
which require analysis in the course of the estimates compiled in the IE 

and the OPP of the SO of AN USSR with respect: to the Long-term prospects 

for the development of the country's economy.* At the same time, we as- 
signed the goal of imparting an applied character to the model and hence 

the principles underlying the compilation of the indicators in it are based 
on the methodology for the calculation of them in the theory and practice 

of national economic planning. 


*The calculations were made for a group of models, which, in addition to the 
proposed one, includes a linear optimization intersectorial model and a con- 
solidated dynamic multisector model (For sore details on these models see 
[Bibliography] 4-6. 











The following symbols were adopted in the model: L*--the number employed 
in physical production; X--gross national product; C--physical input s*-- 
amount of the foreign trade balance and losses; U--end product; Y 1)... 
national income produced; Y--National Income used; x l--output of subdivision 
T of aationa! production; xi l--ourpur of subdivision I[; B--reimbursement 
fund;<> --fixed production capital at the end of the year; AP -- increase of 
fixed production capital; K--production capital investments; R--fixed 
capital retired; V--fixed production capital put into operation; 7 --in- 
crease of unfinished capital investments: D--amount of amortization of fixed 
production capital; w')--accumulation of fixed production capital through 
amortization; N‘Y)--accummlation of fixed production capital through national 
income; N--volume of production accumulation; Z§ M*--increase of physical in- 
put, stocks and reserves (less increase of unfinished capital investments); 
p--labor productivity in terms of gross product; b*--output-capital ratio; 
k*--capital-labor ratio; c--materials expended for gross product; m*-- 
proportion of physical input and increase of stccks and reserves in gross 
national product; r*--percent of retirement of fixed production capital; 
Od 1 fd; d*--norm of anortization of productive capital, 0¢d <1, n--norm 
of production accumulacion; n(l)--norm of accumulation of fixed production 
capital; 1l*--ratio of increase of unfinished capital investments to fixed 
capital put into »%peration; t--time index. 


The actual values of the parameters of the model in the base year are de- 
termined according to the statistical yearbooks in accordance with [bibli- 
ography] 7. For the purpose of exogenous calculations changes have been 
made in nine parameters (in the List of symbols they are indicated by an 
asterisk), following which a system of equations is solved for each year t 
successively. 


@ (t) =—L (0) k(t), (1) 
X(t) =—@(t) b(t), (2) 
A(t) —@(t)—@(1—1), (3) 
R(t) =@(t—1)r(t) 100%, (4) 
D(t) =@(t—1)dt/ 100%, (5) 
V(t) =R(t) + \O(t), (6) 
N'®'(t)=D(t)—R(t), (7) 
N(t) =A®(t) —N (t), (8) 
V(t) = V(t) i(t), (9) 
K(t)=V(t)+9(t), (10) 
M(t) X(t) m(t), (11) 
C(t)=M(t)—AM(t), (12) 








U(t) =X(t)—C(t)—s(t), (43) 


Y(t) =U(t)—D(t), (14) 

¥ (t)=Y(t)+s(t), (15) 
X*(t)=M(t)>K(t). (16) 
X(t) =X(t) —X*(t) —s(¢), (17) 
N(t)=Y¥(t)—X"' (2), (18) 
B(t)=C(t)+Dit), (19) 
p(t) =k(t) 5(t). (20) 

c(t) =C(t)/X(t), (21) 
n(t)=N(t) 100%, Y(t), (22) 
n'(t) =N°"'(t) 100% /Y(£). (23) 


Simplifying assumptions have been adopted in the model. 


l. Fixed production capital is introduced instantaneously at the beginning 
of the year. This assumption is easily withdrawn and coefficients are in- 
troduced for transfer of the capital on the date into average yearly capital 
and for uniformity of the transfer of capital. 


2. There is no l»vg for capital investments put into operation. To date, 

ne decision has been reached on the methods of showing their time structure 
in the models; in the statistical record work and the planning calculations 
the production capital investments are linked with the indicators for 

volume of fixed production capital put into operation either as an equation 
(19) or by the correlation W (t)K(t)#*V(t!, where @ designates the coefficient 
for putting productive capital into operation. 


3. The volume of fixed production capital does not decrease in time, i.e., 
the rate of growth of capital is @ 3 1. This assumption is in keeping with 
the nature of the development of Soviet economics in the period of peaceful 
construction and in the model indicates that all the retired capital is be- 
ing replaced. In the accounting work this leads to a limiting of the 
selection of rates of growth of the number employed in physical production 
L and the capital-~labor ratio kLgl since kL= A. 


Limitations are also placed on the sige of parameter 1 


max! —1.— N (t) + AM (t) 
Nye RID) 





J<un<t 


Going beyond these Limits will entail obtaining in the model a negative 
value for the volume of production capital investments and production ac- 
cumulation ‘See equations (6), (9) - (14) and (16) - (18). 











Use of the Model for Analysis of Economic Growth 


In analysis of economic growin the macromode/s can be used in two ways. 
First, to determine the consequences of a particular change in the economic 
growth factors; in this case we study the effect of a particuiar hypothesis 
concerning a change in the factors pertaining to the generalizing national 
economic indicators. For example, we evaluate the effect oi reducing the 
rate of growth of the overall volume of capital investments on the dynamics 
of the agzrezgate national product, national income and the output of sub- 
division fI. Second, the macromodels are used to determine what change in 
the level of the growth factors achieves the indicated vol mes of final 
economic characteristics, i.e., to answer the question as to what irput 
factors are necessary to obtain particular values of the generalizing na- 
tional economic indicators. For example, the proposed model enables us to 
determine the zrowth of capi:al and the change in output-capital ratio neces- 
sary for achieving the assigned dynamics of national income. The variant 
calculations discussed below employ both courses in the use of the macro- 
models in analysis of economic growth.* 


The decisive factor in long-term economic growth is labor productivity. In 
the model this iadicator appears as a strictly endogenous quantity which is 
determined by the product of the capital-labor ratio and the productive- 
capital yield. In the assigned dynamics of the yield on capital the rate 
of growth of labor productivity is determined by the growth of its capital- 
labor ratio, which is dependent on capital investments. 


A detailed analysis of the problems of economic growth, including the 
sectorial and territorial structure of the capital investments, cannot be 
made just on the basis of the macroeconomic model. The proposed model can 
be used to solve the narrower problems: analysis of the variants of capital 
investment policy in respect to their total volume and on the scale of the 
national economy as a whole under several hypotheses concerning change in 
the number of sorkers employed in physical production. labor productivity, 
materials expenditure in production, and yield of fixed production capital. 


Forecasting of the dynamics of sorker numerical strength is a task of 
specialized research (See, for example, [bibligraphy] 8, pp 171-188). The 
procedure adopted in the variant calculations calls for leaving the worker 
numerical strength unchanged in the first o) the three periods reviewed, 
reducing it by .5 percent yearly in the second period, and increasing it 
by .5 percent in the third period. 





*The variant of the program of computations was compiled and issued for 
printing by Z. M. Tkalich for all the years oi the period and by A. V. 
Shcherbinskiy for just the assigned years (the "Alpha" language was used). 











“he proportion of physical input and the increase of stocks and reserves 
(moc counting the increase of unfinished capita’ investments) in gross 
national product as a whol2 rose in the 1961-1970 period and declined 
somewhat in the 1971-1975 period. The decisions of the 25th CPSU Congress 
provide foc further reduction of the expenditures o: raw material and 
materials per unit oi ovtput. In accordance with these decisions a hy- 
pothesis was adopted in the accounting calling for a reduction of materials 
expenditures: The expectation is that the proportion of physical input 
and increase of stocks and reserves (not counting increase in unfinished 
capital investments) in gross product will decline by .1l percent a year 
(such were the dynamics of this indicator in the Ninth Five-Year Plan). 


Since 1954 the cutput-capital ratio has been declining in the national 
economy. A number of factors contributed to this. They iaclude increased 
capital-oucput ratio in agricultural production, mechanization of auxiliary 
operations in all the sectors of the national economy, the progress of con- 
struction in the eastern, northern and nearly inaccessible regions, and 

the increasing expenditures of fixed production capital as a result of the 
decline in the quality of the raw material resources. It is very likely 
that these factors will continue to be operative. The decline in ovwtput- 
capital ratio will apparently not cease, ac least before we accomplish the 
task of implementing a significant reduction in the proportion of manual 
labor and the number oi workers employed in agriculture. Consequeatly, 

all the accouating variants provide for a reduction in the output-capital 
ratio. The cate of reduction has been pegged at 2.5 percent yearly, which 
is i. keeping with the dynamics of our country's yield on capital in the 
last 1) years. 


The rates of growth of capital-labor ratio is set as a variable control 
and is assigned for each specific variant of the calculations (See Table Il 


below). The other exogenous parameters of the model are constant in all 
the variants. 


Table 1 


Rater of Increase oc the Capital-Labor Ratio io the Experimental Calcu- 
lations, percents 


Variants 


Periods 1 2 3 


|= 


l 16.4% 197.2 106.1 197.90 








Variant 1 provides for constant rates of growth of labor productivity. 
The figures indicate that, when all other conditions are equal, there 1s 
need for an increase in the rates of growth of capital investments (Tad: 
2 below). Appearing as a significant factor bearing upon the requisite 
volumes of capital investments are the dynamics of the worker numerical 
Strength and the capital-output ratio in production. Stabilizstion or 
reduction of worker strength will lead to a denial of capital investments 
for the establishment of new jobs for an additional number of workers. 
However, maintenance of stable rates of growth of labor productivity when 
the level of capital-output ratio is declining requires capital invest- 
ments which will insure growth of the capital-labor ratio. The volume of 
capital investments required increases along wich the capital-labor ratio 
and tne reduction in yield om capital. If we add to these factors an in- 
crease in the number of workers employed in the national economy, as 
anticipated for the third period, then the rates of growth of capital in- 


vestments will increase sharply and they will need to be implemented on a 
large scale. 























SUGII1ed ‘SAOJZLOT PUT XTMOEUOIAEADEW BUIOS JO Sa {RA Al APeA |SBLABAR pe IM) sg 

















pesn 


auoouy jyeuoT eU aad AQTATIONpeiad Aogey *1] 
Jonpoad ssoa® aad Aral oONpoad Az0qRPyT “Ol 
SRUSWISSAUT TBIIGES VOTIONporad J{]ePAFAQ *6 
UOTIONpPOAG [TevET IU JO [] VOTSTIATPGnSg “sg 
UOTIONpoOAd ][CUCTIPU JO |] VUOTSTATPGng */ 
UOTIE]TNWNOOe pur UcTIdWNSUOD JOJ PSN OWODUT JT PVUOTIPN “9 
oNporad jRUCTIBeU ssOIH “C 
Jo3WBSIpul “Ff 
Spolsag “ft 
s2ueise,A *7Z 
"1 

fay 
































¥9Ob] 9901] SZOF] zor] «por! chor] oR'WOR 6'S05 yooh 9405 y'y0r gy 
L'00s | O'OOT! Scot] L’'zor] 2 yor] Shor 901 ont 9'So gol gy08 go 
OIL] Leob] Y'GON] e'bon] syob] Lon] e'Lo8 G0 ' mary yons Loot 
VOL] e'GO1] OSGOb] PeOT] Zeob] toon] = z'oo8 zon vob rior wor O01 
LLOL] YOO; ZGot] BeOH] L'eor]) | «fos] B’ooE 8'O0} a’oot wr fw cor 
LOb} GSOb] ZSOb} SOF] Y'HOF] e MOH] y'o05 y'o0t y'908 roots VO} gol 
2 L401 MO1) YSGOL] ZOE] Lor] Sworl) woo goor ool £908 nwt rary 
ct é ' t c 5 £ 4 ' t = 1 
~~ nvondon CE) 
’ | ¢ z ' 





riineadeg (Z) 











AVoxreW Anouirevonnen Awonueaocyrou dn (11) 
AinfVodn Amoaorva on dsonord a 
WN Ads ss200nawoLUVoer nods) ((] ) = 
WNHOMKOKe Orin 
TECLHUEM ONUHeELOVoersodn anudean (KR) 


raion 
Cnodg OJONMOEL IQS ONNOLTEd Yon 11(g) 


ruid 
Vosenodn o10anows wINgS ONMeLOVredlon (2) 


*BHeLueNed UM CHnorgedion 
eH PNNNEGOCIFOH IN YoxroY yruiweuonness (9) 
INAYodn WNeHoaLaingo yowowry (Cc) 


ee 








ae 


TALC Owoq) 


(+) 





“#evoLeeeNOU XuHIeAMMOKCNCOdNUM XmdoLoNeN wic0d MMA, amuorosou\’ad> 


é *19PL 


ornusonoeg (7) 














Variint 2 was compiled to show what capital investments will make possible 
a stable increase of national 2conomy output at a level of approximately 
5-6 percent increase a year. The reduction in worker strength is counter- 
acted by accelerated growth of labor productivity. In the third period 
there is some reduction in the rates of growth of labor productivity be- 
cause it is assumed that the number of workers will increase without ac- 
celzrated growth of production of output. Since the hypotheses concerning 
change of all the exogenously assigned parameters (except for the yield on 
capital) is here the same as in the first variant, the result is an evalu- 
ation of the interrelationship between the additional growth of labor 
productivity and the capital investments. The overall volume of capital 
investments in the third period in Variant 2 is 22 percent more than in 
Variant 1, Additional capital investments produce more rapid rates of 
growth of labor productivity and as a result the level of productivity in 
the subsequent year of the period in Variant 2 is 19 percent higher than 
in Variant 1 and the volume of the output of subdivision 2 is 18 percent 
mor2. 


Variant 3 illustrates the consequences of a reduction in the rates of growth 
of capital investments, a reduction which caused a slowdown in the growth ci 
lavor productivity. This in turn was a decisive factor in the overall re- 
duction of the rates of economic growth in this variant. The volume of the 
national income generated is regularly lower than in the preceding variants. 
In the last year of the period under review the difference comes to 16 per- 
cent as compared to Variant 1 and 29 percent as compared to Variant 2. The 
output volume of subdivision 2 is also considerably lower and by the end of 
the period will come to 9 and 23 percent respectively. The fact that the 
rates of growth of output in subdivision II exceed the amounts of national 
income used is due to the rejection of accumulation and the redistribution 
of national income in favor of consumption (the norm of accumulation of 
fixe? production capital has dropped from 11 to 4 percent in this variant). 
The increase in the number of workers employed in the last period required 
the diversion of funds for the establishment of new jobs and resulted in a 
corresponding reduction in the growth of output in subdivision II. Variant 
3 shows clearly that if measures are not taken simultaneously for increased 
production efficiency, the policy of reducing the rates of growth of capital 
investments will inevitably lead to a slowdown in economic growth and goes 
counter to achievement of the aim of the socialist method of production. 

The dynamics of economic development can be radically different if we 

adopt a course of increased effectiveness of the national economy and take 

a decisive step in the direction of intensification of national production. 
Other conditions being equal, acceleration of the rates of economic growth 
is indissolubly linked with stepped up rates of the growth of capital invest- 
ments. These accelerated rates are a*sociated with a significant restructur- 
ing of the national economy, require a considerable length of time for their 
implementation, and need preparation at the proper time. However, the ac- 
celeration of the rates of growth of capital investments in a stated period 
of time may not be as great as desired. Under these circumstances when 
there is a constant or declining output-capital ratio in the final time 








period, there arise rather rigid limitations on any increase in the capital 
investments and consequent growth of labor productivity which are determined 
by social planniig factors. Such Limits are set for relatively short 
periods but can be adjusted to longer periods. Thus, from the standpoint 

of enhanced public welfare not only is a reduction in the rates of growth 

of capital investments an ineffective course of action, but also so is a 
very rapid growth of these investments. 


The upper limit of capital investments within the assumed hypotheses is ap- 
proximately indicated by Variant 4. The calculations for it illustrate 
what growth of national production can be obtained with an acceleration of 
up to 9-10 percent in the increase of capital investments. This also re- 
tains the hypotnesis concerning reduction of the yield of fixed production 
capital. The stepped up rates of growth of capital investments in the 
variant under review will lead * 2 an acceleration of the increase of labor 
productivity and national income. However, a sharp increase in the volumes 
of capital investments will bring about a situation where nearly all the 
additional national income obtained from the stepped up labor productivity 
will go into the production accumulation. When the overall volume of 
capital investmerits is increased by 13 percent in Variant 4 as compared to 
Variant 2, then the volume of the output of subdivision 11 in the final year 
will be only 5 percent greater (See Table 3). 


Table 3 


Increase of Labor Productivity, Volume of Output of Subdivision II, and 
Overall Capital Investments in Varia..ts 2 and 4 (in percents) 


Value of the Indicator in the 
Final Year of the Accounting 


Variant 2 Variant 4 

in percents in percents 
Indicator of Variant l of Variant 2 
Overall volume of capital investments 124 113 
Labor productivity 120 11 
Volune of Output of Subdivision II 118 105 


Variant 4 also shows that the dynamics of the generalizing national economy 
indicators are determined not only by the possibilities for implementing the 
capital investments but also to a considerable degree by the change in the 
materials expenditure and the capital-output ratio. The decline in the ef- 
fectiveness of capital investments observed in the accounting is the direct 
result of the reduction in yield of the fixed production capital and the 
lack of a substantial reduction of the relative physical input. In the con- 
text of technical progress in which the growth of productivity proceeds 


10 











when there is a decline in output-capital ratio and no reduction ia input 
of materials, a decrease in the effectiveness of investments is inevitable. 
Switchiag to the new type of teclinical progress with its substantial re- 
duction of input of materials and increased yieli of assets not only makes 
possible acceleration of the rates of production Sut also raises the upper 
limit of the socially effective rates of increase of capital investments. 


Tabl: 2 poiats up the dynamics of subdivisions I and II of national pro- 
duction. In all the variants, with the exception of No 2, the development 
of subdivision II outstrips the development of No 1. This is due to the 
fact that the conventional accounting for variants 1, 3 and 4 results ina 

a reduction in the rates of growth of fixed production capital in compari- 
son with the base year. The reduction was 1.5, 2 and 1 poiat respectively 
and led to a sharp decline in the growth of fixed production capital in 
relation to the base year. Thus, in the first period this indicator for 
Variant 1 declined by 11 percent, which caused a reduction in the amount of 
fixed production capital put into operation and brought about a decline in 
the rates of growth of subdivision I as a whole. Also contributing to 
this was some falling off of the input of materials. In the model under 
review gross national product breaks down to a fund for replacement of 
production resources expended and to production accumulation and input 

and is not fed by these sources. Consequently, a change in the proportion 
of physical input in the gross product affects only the volume of production 
of output of subdivision I but does not affect the amount of the gross 
product. Im the subsequen* periods the effect of the reduction if input 

of materials was covered by an increase in the fixed production capital 

and a reduction of their yield. 


The calculations enabled us to make a quantitative evaluation of the effect 
of a change in the rates of growth of fixed production capital, its yield, 
and the physical input of production materials on the dynamics of national 
production sbdivisions I and II. The nature of the effect of these factors 
on the growth of the two subdivisions can be determined by a conventional 
method. Actually, using equations (11) and (16) we get: 


Xl (cy/K(t) = K(t)/X(t) + m(t). 


It can easily be seen that the derivative X(4)(t)/X(t) for the rate of 
growth of fixed production capital @ is equal to 


[l + 1(t)] [1 - r(t)]/b(t)@ 2 7o. 


The derivative is positive and consequently the proportion of output of 
subdivision I in tie aggregate national product goes down when the rate of 
growth of fixed production capital declines; this means faster development 
for subdivision II. Reduction of the output-capital ratio contributes in 
the model to more rapid growth of subdivision I. 


ll 




















xX (z) ) e-i-rit 


It can readily be seen that im this directiom entails am imcreaSe in input 
of prodwetion materials. 


We not2 ia conclusion that the calculatioms made do not take into account 
the relationship between fixed production capital replacement and the level 
of its yield. The yieli om capital investments (mew) made in the account- 
ing year is taken as equal to the yield from active (eld) capital. In 
reality, it turms out that the yields from new and old capital are differ- 
ent. The interrelationship between the output-capital ratios for new and 
old capital cam be accurately represented in the following manner. 


Assume that at the beginning of the year t the economic system had capital 
in the amount of @(t) and this capital was instrumental ia the production 
of output amounting to X(t) = G@(r)bc(t), where dc(t) is the capital yield 
in the year t. Assume that in the next year t + 1 a replacement in the 
amouat of R(t + 1) was made for part of the capital and the volume of 
capital ae? (t + 1) was increased. The new capital R(t + 1) +A (ce + 1) 
differs from the oli @(t) - R(t + 1) im its output-capital ratio. 


b, (t + I)/de (¢ +1) = a(t + DF. 


where be(t + 1) = (ce) (2) (< + 1), i.e. the yield from old capital changes 
at a rate 0: B (t + 1). Then the chanze in average output-capital ratio is 


— Xi@—t) | Nis Xig—1) 
— Of—1) OH” Diaeaty | XM) (25) 





7,(t — 1) 





*The formula cited is correct only when “the otner circumstances are equal,” 
i.e., when the dynamics of all the factors, except output-capital ratio, are 
assigned. In the case of a simultaneous change in the rates of growth o: 
the carital and its yield (with a constant material insut), as was shown 

in [o. ch4], the following takes place. Im the context of stable and rising 
rates of growth of capital a reduction in output-capital ratio is accompanied 
by an increase in the gap between the rates of the two subdivisions. Also, 
the greater the drop in output-capital ratio the more rapid the increase in 
rates of growth of the fixed production capital. When the rates of growth 
of fixed ca>rital decline the drop ia outoput-capital ratio has only a very 
slight effect on the gap between subdivisioms I and II. Moreover, when the 
rates of growth of capital decline, within certain lizits the reduction in 
output-capiial catio is even accompanied by a more rapid rate of growth of 
subdivision II. 








The output Z(t * 1) is obtained from both the new and the old capital. Part 
of the output obtained from the new capital can be accurately represented 
as the product of the new capital and its yield [R(t + 1)] +A (c + 1)d, 
(c + 1), Similarly, part of the output obtained on the old capital can be 
represented in the form of the product of the old capital and its yield 
[pic) - R(e * 1)) belt) H(t + 1). Then (25) is revised in this form. 
X (t 4-1) 
- _ h f = 
/,(t ; 1) Dit rl c(t) 
(Dit) — Alt ~ Ajyjh- (ty Blt + 1) + [A(t + 1) + AD(t + 1)] 4, (¢ +1) 
- D (tf > Tbe (t) 


Afcer making the identical changes, we find 








[Dit 1)— At +1)— AM (i + 1B +1) 











hu ; 1) a — 7 f) 
{Hit)- Ad (ty) a(t + 1)B(t + 1) . 
y Wit +1) 
[,. Ais 1)—Ab(t+ 1), a 
= Ble +1)}1+- “bat {a(t + 1) t}} 


We will designate & (te + -AP (t + 1) through Q (t + 1). This value 
i + 1) 
Shows the provoertion of new capital in all the capital at the beginning of 
the year T * 1, Thus, the change in the entire yield on capital in the 
year t is 
b(t) —b.(t) [1 —-O(t) 1 +Q(t) b, (0) (27) 


For te rcecorled tactora t @ 1, «4+, T we have compiled on the basis of the 
relationshios of (26)-(27) tne system 


biLy—b(DLI-O(L) 40K bY, 





bit) b.(f) O (t) by (t) . 
ba 1, bret ' bet) —@) (28) 


System (24) contains the 2T of the equations and 2T + 1 is an unknown. The 
jata in the official statistics enables us to compute the average indicator 
for the outout-capital ratio and the norm for replacement of fixed production 
capital, If we ate able to determine the output-capital ratio of old or new 
capital, tf only for one year, then it becomes possible to calculate the 
cynamics o. the yield of active and newly introduced capital. This will un- 
doubtedly te of interest not only from the theoretical but also the practical 
Stanipotat, 
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OPTIMAL STRUCTURE ON INTERRELATED PRODUCTION COMPLEXES 
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[Article by G. V. Martynov, Moscow: “One Problem of Identifying the 
Optimal Structure of Interrelated Production Complexes"] 


[Text] In recent years the idea of working out optimal plans for the 
development of complexes of interrelated production sectors has re- 
ceived wide dissemination. At least two reasons for this may be noted. 
In the first place, scientific organizations and planning agezicies have 
accumulated considerable experience with working out and applying opti- 
mization calculations for the development and siting of particular sec- 
tors; this lays the foundation for combined optimization of several re- 
lated production facilities at the same time. In the second place, 
under current conditions of economic development in our country in- 
creasing importance attaches to the comprehensive approach in national 
economic planning, raising the scientific level of plans, and attain- 
ing balanced, optimal plans. 


Many works have been published recently on the problems of optimizing 
the development of complexes of interrelated production faciliti«s, 
primarily optimization of the development of multisectorial complexes 
(for example see [1-10]). 


In the presentation that follows the term “interrelated production com- 
plexes" will mean not only intersectorial complexes but also any other 
systems of production facilities considered together which can be 
singled out at some particular level of planning and economic manage- 
ment, in particular the territorial production complex, the industrial 
association, the association of computing and information centers, and 
the like. This term can be used to designate some technical systems as 
well. In other words, the problem considered below is to some degree 
invariant relative to the specific nature of the complexes. 


One of the basic problems encountered when working out optimal plans 
of complexes is determining their structure, that is, breaking a certain 
given system of primary production facilities down into distinct, 
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non-intersecting subsystems which are comparatively independent of one 
another. The different aspects of this problem have been described in 
numerous works (for example see [11-30]). Most of them [11-26] are 
devoted to methods of transforming a matrix of output flows among the 
particular production facilities (matrix of interrelationships). 

These techniques are chiefly heuristic, but some of them are based on 
the variation approach [26]. We should also observe that the rela- 
tions among production facilities are usually considered in these 
works only with respect to ongoing production consumption, which is one 
of the most important factors influencing selection of the structure of 
the complex. It is also important that this type of relationship be 
subject to quantitative evaluatior.. However, this is not the only 
factor, and when determining the structure of complexes it is necessary 
to take account of all factors. 


These requirements are best met by another group of works (for example 
see [3, 27-30]) devoted to the so-called grouping problem in which each 
object is ordinarily characterized by a certain set of parameters and 
objects which are most similar for the totality of these parameters are 
grouped together. The techniques of automatic grouping are frequently 
used to solve such problems, but they do not always yield results that 
can be applied in practice. 


This article reviews one of the possible approaches to constructing the 
optimal structure of interrelated production complexes with a certain 
limited set of mutually exclusive alternatives planned in advance to 
jein these production facilities into complexes. The development of 
this approach was influenced to some extent by works [3, 19, 24, 25, 26, 
28, 30). 


1. Statement of the Problem 


Determining the structure of a complex ordinarily depends on numerous 
factors. The production relations among sectors, which differ in their 
direct impact on the development of particular production facilities, 
significantly influence the structure. It is wise to include in the 
complex only those types of production which have the closest produc- 
tion ties. Similarity of raw materials for the production facilities 
being joined into the complex and satisfying identical or mutually re- 
placeable needs for output of the complex are very important also. 

The existence of groups of related industrial processes can also pro- 
vide the foundation for joining primary production facilities into a 
complex. This creates a favorable opportunity for improving the tech- 
nologies themselves. 





The influence of the primary goals of development of production on the 
structure of the complex should be noted specially. A number of pri- 
mary production facilities can be joined into a complex on the basis of 
common goals such as maximum satisfaction of certain ultimate demands, 
providing the entire system of primary production facilities with fuel, 
raw and processei materials, elements of fixed capital, and the like, 
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insuring environmental protection, defense capability, and others. 
Finally, the socioeconomic aspects, for example bringing the way of 
life of the rural and urban populations closer, improving working con- 
ditions, and developing particular economic regions and cities, also 
establish a basis for joining production facilities into a complex. 


All factors must be given full consideration to identify the optimal 
Structure. The efficiency of determining the structure depends signifi- 
cantly on this; it is advisable to determine the structure from the re- 
sults of optimization of the development of the system of production 
facilities as a whole. The index of efficiency may be, for example, 

the value of the overall national economic criterion of optimality. 
Unfortunately, thig method of evaluating the efficiency of deter- 
mining the structure of complexes, while clear in theory, involves sig- 
nificant practical difficulties. 


The basic idea of the approach suggested here for devising a prac- 
tically substantiated structure for complexes with due regard for fac- 
tors that influence it is as follows: Suppose that we have been able 
to single out from a given system of primary production facilities non- 
intersecting groups each of which could be the basis of the particular 
complex. Hereafter we will call these groups of production facilities 
the nuclei of the complexes. The methodology described in [3] or [30] 
can be used to shape the nuclei. 


It is apparent that the set of nuclei of the compiexes do not have to 
encompass the entire system of primary production facilities. There 
will remain some whose place in the complexes will be difficult to 
determine in advance. We will call these primary production facilities 
alternative. For each alternative production facility the problem of 
its inclusion in one of two complexes is solved. A complex may in- 
clude several alternative production facilities, and for each of them 
the possibility of inclusion and noninclusion in the complex is re- 
viewed. 


It is most convenient to search for the solution to the problem of dis- 
tribution of the entire set of alternative production facilities to the 
complexes by planning a certain number of practically acceptable and 
mutually exclusive variations of associating primary production facil- 
ities for each complex. These variations have a common nucleus and 
differ from one another by the types and number of alternative produc- 
tion facilities. 


The most valuable thing in the variant method of describing the struc- 
ture of a complex is that its nucleus and the set of alternative pro- 
duction facilities being considered can be shaped with due regard for 
the influence of factors that are not subject to formal description. 
The variant approach permits combining two processes: construction of 
the set of variations of the structure of each complex and choosing 
one variation from the entire set for each complex considering the 
factors that allow quantitative assessment. 
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It seems wise to single out the closeness of production ties, which are 
characterized by the size of flows of output among primary production 
facilities, from the entire set of factors that influence determination 
of the structure and are subject to quantitative assessment. It is ev- 
ident that when the primary production facilities use more output within 
the complex and less of this output is shipped away, the complex will be 
more independent and self-sufficient. Therefore, the matrix of output 
flows permitsa quantitative evaluation of the variations of the struc- 
ture of the complex. Because the sum of all output flows of the inter- 
relationship matrix is a constant quantity, the magnitude of flows of 
output within the complex only may be used as the criterion for choos- 
ing a variation. Other approaches to quantitative assessment of vari- 
ations of the structure of complexes are also possible [25, 26, 29, 30}. 


If the nuclei of the complexes are varied during calculations, different 
structures will be obtained every time. It is obviously advisable to 

stop with that practically acceptable list of complexes and that struc- 
ture of them where the value of the variant selection criterion is best. 
The following section gives a mathematical formulation of this problen. 


2. Description of the Model 


Suppose that a certain non-empty finite set of I numbers of i primary 
production facilities is given. Suppose K is a non-empty finite set 
of nuclei of future complexes, K = {1, ..., K}, and for each complex k 
there is a finite set of N, variants of the structure, Ny = {1, ..., 
Vk’. Each variant v of the structure of complex k is characterized by 
a set of numbers of primary production facilities Ixycl. 


We will call the set of I, numbers of primary production facilities 
which are common to all variations of the complex the nucleus of the 
complex k, where none of these production facilities are included in 


the composition of other complexes /* = D Ip and 1,91,—®, k, réR. 
‘ 
‘ 


We will call all those primary production facilities which are not in- 
cluded in the composition of the nucleus of any of the complexes under 
consideration alternative facilities. We will designate the set of 
numbers of alternative production facilities as /=/\ |) i. 

reR 


Suppose we have given a subdivision of set I into subsets of numbers of 
alternative production facilities Ty for each complex k in guch a way 
that iy = I, where there are pairs of complexes for which IyUIr #@, k, 
reK, Continuing, we construct a set * numbers of alternative pro- 
duction facilities fky such that ty ad ky for each variation v of 
complex k. The set i. can also be represented as the aggregate of 
numbers of primary production facilitieg of variation v of complex k 
which differ from its nucleus, that is Ipy * Iky/I_ 
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All sets of variations for joining primary production facilities into 
complexes are fed to the problem at once and each variation is either 
accepted or rejected. During formalization this variant formulation 
makes it necessary to consicer the Boolean variables 4d,y. Because 
the variations of one complex are mutually exclusive, only one of the 
numbers 6yy can be equal to cne for complex k and all the rest are 
zeros. The variation for which ‘,y, = 1 is adopted for consideration 
and the rest are set aside. 


The conditions of discreteness in selection of variations of complex k 
can be described by the system of relations 


y, - 1keEK, (1) 
ve’ 


. 


5..20— whole numbers. 


Conditions (1) do not insure the absence of contradiction in joint con- 
sideration of the variations. For example, it may prove that a certain 
primary production facility is included in the composition of several 
complexes or that for the chosen variations the set of primary produc- 
tion facilities does not encompass all of them. 


To avoid these problems let us consider the set of different paths of 
joining variations. That is what we will call the aggregate that con- 
tains one variation for each complex. Therefore, each path consists of 
a number of variations equal to the number of complexes, and the number 
of paths iy 

ke 


“ek 


Not every path of joining variations is permissible. Each projected 
variation ordinaril, consists of a nucleus and a number of alternative 
production facilities. The nuclei of the complexes by definition do 
not overlap. This cannot be said of the sets of alternative produc- 
tion facilities of the complexes. If a certain primary production fa- 
cility has been assigned to the alternative category for at least one 
pair of complexes, there will be plan variations containing this fa- 
cility in each of them. It is natural for the entire aggregate of 
complexes to assume as permissible that way of joining variations for 
which these conditions are met simltaneously: 


U fay = (2) 


that is, the sum of nuclei and the set of alternative production facil- 
ities of the very same path form an initial set of primary production 


facilities leanne, (3) 


that is, in one path the variations of the structure of different com- 
plexes do not have primary production facilities of the same name. 
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Let us set in correspondence to cach path the product  .:i the intensities 
Sky Of use of the variations that form this path 


K 
Il dn, tows Ve- 
rt 


If some way is impermissible from the standpoint of the conditions formu- 
lated above, the corresponding product should be made equal to zero. 

It follows from this that at least one of the magnitudes of Sy, in the 
given product should be equal to zero. This means, in turn, that the 
corresponding variation of complex k cannot be considered together with 
the others that form this path. But if the magnitude of some product is 
set equal to one this illustrates that the way is permissible. 


Thus, the permissibility of a path is written, in formal terms 


il bis. - if (2) and (3) are correct at the same time, (4) 
r ~~ =| im the opposite case, fou < V;. 

We will use f£*Y to designate the magnitude of a certain index of the 
effectiveness of selecting variation v -f the structure of complex k. 
Then the problem of identifying the optima! structure of complexes con- 
sists in finding the extreme value of function 


Fe a 
‘,¥ 
where conditions (1) and (4) are met. For exam ‘#, if the criterion for 


selecting planned variations is maximization of the magnitude of output 
flows within the complex, then 


> ky 
r = Gi,+ 
t, Jel ey 


where TT heed is the non-negative magnitude of the flow of output from sec- 
tor ito sector j, which is included in variation v for the formation of 
the structure of complex k. 


Of course, the final solution to the problem of determining the structure 
of complexes involves more than just optimizing this discrete model. 

It can work as a tool for making miltiple optimization calculations for 
the purpose of obtaining a certain set of possible proposals for the list 
of complexes and their structure. The final choice of practically ac- 
ceptable structures may be done by experts or by a series of formal 
characteristics. 


The multiplicity of calculations on the problem formulated above pre- 
supposes development of a fairly reliable and fast-working algorithm 
for solving the problem and a program that embodies this algorithn. 
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3. Descrigtion of the Algorithm 


The idea of the algorithm to solve the whole-number problem formulated 
above involved successively cutting away pairs of variations which ob- 
viously cainot be included in any of the ways of forming the structure 
of the complexes, then constructing a set of permissible paths, and 
choosing from this set the one that is best from the stancpoint of the 
criterion. 


Step 1. Construction of the matrix of permissible interrelationships 
among variations. 


Let us construct a matrix J=.!.." |, k, r€K,v€M, wEN,, consisting of zeros 
and ones. The pair of indexes k and v is the code for a line cf this 
matrix and the pair of indexes are and . are the code for a column. 

Ones in line (k, v) of matrix T indicate variations of complexes which 
can be considered together with variation ~ of complex k, while ones in 
column (g, u) indicate variations that may be considered together with 
variation . of complex r. Therefore, matrix T is symmetrical relative 
to the main diagonal. 


On the basis of the conditions of permissibility, in the pairs it is 
possible to consider together only those variations which beiong to 
different complexes, are included in the composition of complexes that 
have common alternative production facilities, and have no common al- 
ternative production facilities. 


Therefore, 1t,,""={ where the following conditions are met simultane- 
ously: 

1) Ar, 

2) L.Ale2, 

3) i,.01,,=2. 


If even one of these conditions is not met ¢,,""=0. 


However, the impermissibility of particular pairs of variations repre- 
sented by matrix T does not yet mean that all the possible associations 
of these pairs are impermissible in a particular way of considering the 
variations together for all complexes. With matrix T we were simply 
able to sharply narrow the set of pairs of variations on whose basis it 
is suggested that permissible ways of forming the structure of the com- 
plexes be constructed. 


Step 2. This involves determination of the permissible paths. Using 
matcix T let us consider the entire set of pathsof joining the varia- 
tions (one variation for each complex). The process of constructing a 
path on the basis of T is fairly simple and can be described as follows. 
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To maintain the common grounds of the reasoning, we will take, for ex- 
ample, the first one in the first line of T. We determine its coor- 
dinates as (k, v) and(r, u). Further in T we find the line with 
parameters (r, u), take one of the ones in it, and determine the 
parameter of the column in which it stands. Then we again find the 
line in T with the parameters of the column of the second one. On this 
line we take one of the ones and continue in this way until we reach 
the (K-1) one located on the line corresponding to the last complex K. 





Therefore, each pathis constructed so that the coordinates of the ones 

of the path have linkages. The number of the line of each consecutive 
one of the path is equal to the number of the column of the preceding 
one. It is not difficult to determine that the sets of paths constructed 
will be invariant relative to the procedure for going around the com- 
plexes, which means that the process of constructing the paths can be 
begun from any one in any line of T. Moreover, each one of matrix T 

will be “involved" in at least one path. 


This method of constructing pathsmakes it possible to encompass the 
entire aggregate of pathswhich can be derived from matrix T, with 
each of them satisfying (1). However, each pati constructed will not 
meet the conditions of permissibility (4), so they are checked. In 
this way the set of permissible paths for the probicm is determined. 


Step 3. The final step of the algorithm is to choose from the set of 
permissible paths that one which has the best value of target function 
F. This is the path that determines the planned variations for which 
the structure of associating primary production facilities into conm- 
plexes is optimal. 





We should observe that the paths of associating variations may have 
gaps which arise in the case where the entire set of complexes may 

be broken into groups in such a way that no complex of the group has 
common alternative production facilities with any other complex of 

the other groups. The paths will have the number of gaps corresponding 
to the number of distinct groups in this sense. The e>istence of 

gaps in a path illustrates, in its turin, that the problem breaks down 
into a series of distinct subproblems for each of which the algorithm 
presented is realized. 


The algorithm described is finite because it is based on a sequential 
sorting of all possible paths of formation of the structure of the 
complexes. 


A. K. Pitelin and L. P. Dotsenko, associates of the Central Mathe- 
matical Economic Institute of the Academy of Sciences USSR undertook 
the development of a standard COMPLEX program in the language Fortran- 
IV. This pregram utilizes the algorithm described. The program has 
two parts. One of the parts constructs the permissible paths of for- 
mation of the structure of the complexes and the second computes the 
values of the magnitudes of the internal interrelationships of the 
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production facilities included in complex k in conformity with the 
permissible variation v of its formation. The basic characteristic 
of the program is that the condition of "completeness" 


2 ie vie Mk 
is tested for only a certain part of a path, not for the path formed 
all the way to the end. For example, suppose that one variation apiece 
is taken from this given common number for half of the complexes. If 
it proves that the variations of the remaining complexes contain pro- 
duction facilities which do not complement those included in the selected 
variations for the first half of the complexes before initial set I, 
it is obviously senseless to consider all possible paths using the se- 
lected variations. In this case, they will not meet the conditions of 
"completeness." This procedure sharply cuts the number of paths con- 
sidered and generally increases the efficiency of the work of the 
program. 


Experiments run on YeS 1030 computers gave completely satisfactory re- 
sults. The calculations were aimed at identifying multisectorial 
economic complexes in the national economy and use the report inter- 
sectorial balance of production and distribution of output in the USSR 
economy for 1972 as the matrix of interrelationships [31]. Detailed 
economic analysis of the results of the calculations would be a sub- 
ject for a special study. Here we will only briefly describe one 

of the experiments in order to illustrate the work of the algorithms. 


The initial data for the experiment was formed as follows. First the 
nuclei of the future complexes were constructed according to the 
given system of sectors. The sectors were joined into nuclei both by 
informal characteristics (common raw materials, production of iden- 
tical, mutually replaceable final products, similarity of industrial 
processes, conformity in basic purposes of development) and on the 
basis of the magnitude of the flow of sectorial output by itself and 
of one of the sectors of the nucleus. This magnitude was taken as at 
least 50 percent of the total volume of output produ-:ed by the sector. 
The final list and composition of nuclei is given in Table 1 below. 


The sectors which form the nuclei (there are 59 of them) make it pos- 
sible to give general names to the production complexes: timber, 
machine building, agroindustrial, chemical, fuel-energy, metallurgical, 
construction, and transportation 


Twenty-four sectors, that is 29 percent of the total number, were not 
included in the composition of the nuclei and formed the set of alter- 
native sectors.* 





* 
Three sectors were excluded from the experiment (all agriculture; 


trade and public catering, procurement, and material-technical 
supply and marketing; other sectors of material production). 
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Table 1.* 





Homepa oTpacnred, o6pasynounx 


Homepa arbtTepHaTusnws 











(a) Bommaenc (b) *3p8 Kounaexcos (c) oTpac.iefi 
Jlecuo® (1) 47, 48, 49, 30, Si, 52, & 22 
- . ° 
Mawasoctpomtez.ani (2) is, 98, 19, 25, 32, 34, 36, af a ae. | 
30, 31, 33, 35 
92 9 
Arpapao-0pomumrensii(:3 ) 7 “ +. nt. 23, 24, 31, 42 
75, 76, 77, 78, 81, 82 
Xumuveckaii (4) 38, 39, 40, 41, 43, 44, 45, 46 [2, 6, 7, 8, 20, 21,2 
Tonausno-snepretaveckn 5) 5, 9, 10, 11 2, 6, 7, 8, 12, 13, 14, 20 
Meraaaypruyeckai (6) i, 4 2, 3, 14, 16, 17, 20, 35 
Crponteasamii (7) a _ 36, 57, 58. 59, 3, 14, 26, 27, 28, 33, 35 
Tpascnoprewii( 8) 84 26, 27, 29, 30 
Key: (a) Complex; 

(b) Numbers of the sectors that form the nuclei of the complexes; 

(c) Numbers of the alternative sectors; 

(1) Timber; 

(2) Machine building; 

(3) Agroindustrial; 

(4) Chemical; 

(5) Fuel-energy; 

(6) Metallurgical; 

(7) Construction; 

(8) Transportation. 


* The numbering of the sectors is taken from the report intersectorial 
balance of production and distribution of output of the USSR for 1972 


[31]. 





The next step in planning initial information involved breaking down the 


entire set of alternative sectors by complexes. 


In this case consider- 


ation was given to the same unformalized characteristics for assigning 
a sector to one of the complexes as were used in planning the nuclei, 
only in the case of the alternative sectors there was not sufficient 
certainty in considering each of the characteristics to assign the sec- 


tor a particular complex. 


one of two or more complexes. 


Therefore, each of 


them may be ascribed to 


The results of breaking the alternative 


sectors down by complexes are also presented in Table 1 above. 


Then mutually exclusive variations for joining the sectors into com- 


plexes were designed. 


24 


During this four conditions were observed: 
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1) each variation contains the nucleus of the complex; 2) one vari- 
ation contains only the nucleus of the complex; 3) among the varia- 
tions must be variations that contain one, two, three, and so on alter- 
native sectors of the complex and differ from one another by contain- 
ing at least one of them; 4) one variation included must contain all 
the alternative sectors of the complex. 


In general, it would be possible for each complex to “automatically” 


‘ 


“£ 
oo Pp 
construct /s = SY, variations where 
= 


k is the number of the complex, N, is the number of alternative sectors 
of complex k, p is a variable index, and CPx, is the number of combina- 
tions of Nx and p. In practice, however, there is no need for this 
because among the “automatically” planned variations will be ones that 
differ little from one another and others which are not worth consider- 
ing for a priori reasons. For the timber complex two variations were 
planned, for the machine building complex 22, agroindustrial — 8, 
chemical — 14, fuel-energy — 15, metallurgical — 15, construction — 
14, and transportation — 11. Table 2 shows the possible variation 
structuring of the initial system of sectors. 


This completed the planning of initial data for the experimental ex- 
ample. Maximizing the magnitude of flows of output within the complexes 
was used as the criterion for selection of variations. The algorithm 
described above and the program that realized it made it possible to 
Carry out the entire experimental calculation in six minutes. This 
illustrates the possibility of using the algorithm and program to per- 
form multiple practical calculations with acceptable time expenditures. 





As a result we found the following variations of formation of the 
structure of complexes to be optimal (see Table 2): timber — I; 
machine building — XXI; agroindustrial — 11; chemical —XII, fuel- 
energy — I; metallurgical — I; construction —II; transportation —1. 
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